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(57) ABSTRACT

A method of producing a semiconductor pressure sensor, the
sensor having a diaphragm to be deformed by pressure,
including: a step of preparing a semiconductor substrate hav-
ing front and rear surfaces, both of the surfaces being mirror
surfaces; a thermally oxidizing step of forming a thermally-
oxidized film on the rear surface of the semiconductor sub-
strate; a detecting part forming step of forming a detecting
part on the front surface of the semiconductor substrate, the
detecting part including a gauge resistance layer; a patterning
step of forming an etching mask on the rear surface of the
semiconductor substrate, the etching mask including the ther-
mally-oxidized film; and an etching step of etching the semi-
conductor substrate from 1ts rear surface with the etching
mask to form a concave portion, the concave portion having a
bottom portion functioning as a diaphragm.

3 Claims, 7 Drawing Sheets
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METHOD OF PRODUCING
SEMICONDUCTOR PRESSURE SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Application No.2005-
198481 filed on Jul. 7, 2005 including specification, drawings
and claims 1s incorporated herein by reference in 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of producing a
semiconductor pressure sensor, and more particularly, to a
method of producing a diaphragm type semiconductor pres-
SUre Sensor.

2. Description of the Related Art

Regarding a conventional process of producing a dia-
phragm type semiconductor pressure sensor, a surface pattern
including a gauge resistance, a wiring ,and an aluminum pad
and the like 1s formed on the front surface of a semiconductor
substrate whose front surface 1s mirror surface in a front-end
process. Next, in the back-end process, the thickness of the
semiconductor substrate 1s reduced by polishing the rear sur-
face of the semiconductor substrate, and a concave portion 1s
formed by wet etching of the semiconductor substrate using
an etching mask (silicon nitride film) which 1s formed on the
rear surface of the semiconductor substrate by plasma CVD
method, so that the bottom surface of the concave portion

functions as a diaphragm (JP, 09-45928, A).

However, when the rear surface of the semiconductor sub-
strate 1s polished 1n the back-end process, there arises a prob-
lem that damages or scratches are formed on the rear surface,
so that the diaphragm surface (the bottom surface of the
concave portion) becomes rough. As the adhesion of the
ctching mask for forming the concave portion 1s not good,
there arises another problem that the control of the shape of
the diaphragm (concave portion) with high dimensional accu-
racy 1s difficult.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a method of
producing a diaphragm type semiconductor pressure sensor,
according to which a diaphragm having a flat surface can be
formed with high dimensional accuracy.

The present invention 1s directed to a method of producing
a semiconductor pressure sensor, the sensor having a dia-
phragm to be deformed by pressure, including: a step of
preparing a semiconductor substrate having front and rear
surfaces, both of the surfaces being mirror surfaces; a ther-
mally oxidizing step of forming a thermally-oxidized film on
the rear surface of the semiconductor substrate; a detecting,
part forming step of forming a detecting part on the front
surface of the semiconductor substrate, the detecting part
having a gauge resistance layer; a patterning step of forming,
an etching mask on the rear surface of the semiconductor
substrate, the etching mask having the thermally-oxidized
film; and an etching step of etching the semiconductor sub-
strate from 1ts rear surface with the etching mask to form a
concave portion, the concave portion having a bottom portion
functioning as a diaphragm.

As shown previously, according to a producing method of
the present invention, a diaphragm type semiconductor pres-
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2

sure sensor including a diaphragm with a flat surface formed
with high dimensional accuracy can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-3 show cross sectional views of the step of pro-
ducing a semiconductor pressure sensor according to the
embodiment 1 of the present invention;

FIGS. 4-6 show cross sectional views of the step of pro-
ducing a semiconductor pressure sensor according to the
embodiment 2 of the present invention;

FIGS. 7-11 show cross sectional views of the step of pro-
ducing a semiconductor pressure sensor according to the
embodiment 3 of the present invention;

FIGS. 12-15 show cross sectional views of the step of
producing a semiconductor pressure sensor according to the
embodiment 4 of the present invention; and

FIGS. 16-20 show cross sectional views of the step of
producing a semiconductor pressure sensor according to the
embodiment 5 of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

Embodiment 1

FIGS. 1 through 3 show cross sectional views of the step of
producing a semiconductor pressure sensor according to the
embodiment 1 generally denoted at 100. The producing steps
include the following steps 1 through 3.

Step 1: As shown 1in FIG. 1, a semiconductor substrate 1 of
n-type silicon is prepared. Both of the front and rear surfaces
of the semiconductor substrate 1 are polished to mirror sur-
faces. The thickness of the semiconductor substrate 1 1s 400
um for instance, which 1s approximately equal to the final
thickness of the diaphragm type semiconductor pressure sen-
sor 100.

Next, a thermally-oxidized film (silicon oxide film) 2 1s
formed on the front and rear surfaces of the semiconductor
substrate 1 by thermal oxidation method.

Step 2: As shown 1n FIG. 2, a detection part of the semi-
conductor pressure sensor 1s formed on the front surface of
the semiconductor substrate 1. Specifically, a p type wiring
layer (first diffused layer) 3 and a p type gauge resistance
layer (second diffused layer) 4 whose impurity concentration
1s lower than that of the wiring layer 3 (namely, whose resis-
tance 1s higher than that of the wiring layer 3) are formed by
using a thermal diffusion method for istance. In the detec-
tion part, the gauge resistance layers 4 are connected by the
wiring layer 3 to fabricate a Wheatstone bridge like a general
diaphragm type semiconductor pressure sensor.

Next, a pad electrode 5 of aluminum 1s formed to be con-
nected to a wiring layer 3 by using a evaporation method for
instance. Then, a glass coat {ilm 6 1s formed as a passivation
film. It 1s noted that the steps mentioned above (steps for
forming the detection part) 1s called a front-end process, the
process described hereinafter (steps for forming the dia-
phragm) 1s called a rear-end process.

Step 3: As shown 1n FIG. 3, the thermally-oxidized film 2
formed on the rear surface 1s patterned to form an etching
mask. The location of the etching mask 1s aligned with that of
the gauge resistance layer 4 on the front surface. Hereby, the
gauge resistance layer 4 1s disposed near the edge of the
diaphragm 9.

Next, the semiconductor substrate 1 1s etched to form a
concave portion by using the etching mask, so that the semi-
conductor substrate 1 left at the bottom of the concave portion
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functions as a diaphragm 9. An aqueous THAH (tetramethyl
ammonium hydroxide) solution or the like whose etching rate
for the thermally-oxidized film 2 1s low (2 um/min. for
instance) 1s used for etching the semiconductor substrate 1 on
the ground that the thickness of the thermally-oxidized film 2
1s thin.

Through these steps, a diaphragm type semiconductor
pressure sensor 100 shown 1n FIG. 3 1s completed. It 1s noted
that a polishing step at which the rear surface of the semicon-
ductor substrate 1 1s polished to reduce 1ts thickness 1s not
needed. It 1s because that a semiconductor substrate whose
front and rear surfaces have been polished to mirror surfaces
and whose thickness 1s 400 um for instance 1s preliminary
prepared 1n this method.

As described above, 1n the producing method according to
the embodiment 1, the diaphragm 9 can be formed only by
using the etching step of the rear mirror surface without using
a polishing step. Hereby a surface with good flatness can be
obtained as a surface of the diaphragm 9 (a bottom surface of
the concave portion). Also, as the etching mask 1s made of the
thermally-oxidized film 2, the adhesiveness between the etch-
ing mask and the semiconductor substrate 1 becomes strong,
and thereby a high-precision wet etching can be obtained.
Furthermore, as a polishing step of the rear surface 1s not
needed, reducing the producing steps and producing costs can
be obtained.

In the diaphragm type semiconductor pressure sensor 100,
the diaphragm 9 i1s deformed or bent when a pressure 1s
applied to the diaphragm 9. As a result, the resistance of the
gauge resistance layer 4 formed near the edge of the dia-
phragm 9 changes. Consequently, the value of the applied
pressure can be detected by gauging the change of the resis-
tance.

Although the p type wiring layer 3 and gauge resistance
layer 4 are formed 1n the n type semiconductor substrate 1 1n
the present embodiment 1, n type wiring layer 3 and gauge
resistance layer 4 may be formed 1n a p type semiconductor
substrate 1 (The same modifications can be applied to the
tollowing embodiments 2 through 5).

Embodiment 2

FIGS. 4 through 6 show cross sectional views of the step of
producing a semiconductor pressure sensor according to the
embodiment 2 generally denoted at 200. The producing steps
include the following steps 1 through 3.

Step 1: As shown 1n FIG. 4, the detecting portion of the
semiconductor pressure sensor 200 1s formed on the front
surface of the semiconductor substrate 1, and the thermally-
oxidized film 2 1s formed on the rear surface of the semicon-
ductor substrate 1 by using the same steps 1 and 2 as those
described 1in the embodiment 1. Then, by using aplasma CVD
method for mstance, a plasma nitride film (silicon nitride
film) 7 1s formed on the rear surface of the semiconductor
substrate 1. As the plasma nitride film 7 can be formed at low
temperature, a thermal diffusion of impurities in the gauge
resistance layer 4 and the like does not arise in the detecting,
portion.

Step 2: As shown 1n FIG. 3, the thermally-oxidized film 2
and the plasma nitride film 7 formed on the rear surface of the
semiconductor substrate 1 during the step 1 are patterned to
form an etching mask. The location of the etching mask 1s
aligned with that of the gauge resistance layer 4 on the front
surface.

In the patterming step for fabricating the etching mask, the
plasma nitride film 7 1s etched by using a dry etching, on the
other hand, the thermally-oxidized film 2 1s etched by using a
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wet etching. Hereby, a damage of the rear surface of the
semiconductor substrate 1 formed by a dry etching can be
prevented.

Step 3: The concave portion 1s formed by using a wet
ctching of the semiconductor substrate 1 with the etching
mask, so that the semiconductor substrate 1 left at the bottom
ol the concave portion functions as a diaphragm 9. In the step
3, an aqueous KOH solution having a good controllability for
cetching can be used as an etching solution, because the
plasma nitride film 7 1s formed to cover the thermally-oxi-
dized film 2. Through these steps, the diaphragm type semi-
conductor pressure sensor 200 shown 1n FIG. 6 1s completed.

As described above, in the producing method according to
the embodiment 2, the same eflects as those described 1n the
embodiment 1 can be obtained, and additionally a high-pre-
cision wet etching can be performed by using an aqueous
KOH solution as an etching solution, thereby the high-preci-
sion diaphragm 9 can be formed.

Also, even where a damage 1s formed on the thermally-
oxidized film 2 formed on the rear surface during a front-end
process, a flat surface can be obtain by forming a plasma
nitride film 7 on the thermally-oxidized film 2 so that the
damage 1s covered by the plasma nitride film 7.

Embodiment 3

FIGS. 7 through 11 show cross sectional views of the step
of producing a semiconductor pressure sensor according to
the embodiment 3 generally denoted at 300. The producing
steps 1include the following steps 1 through 5.

Step 1: As shown in FIG. 7, the thermally-oxidized films 2
are formed on the front and rear surfaces of the semiconductor
substrate 1 by thermal oxidation method. Both of the front
and rear surfaces of the semiconductor substrate 1 are mirror
surfaces and the thickness of the substrate 1 1s 400 um.

Step 2: As shown 1 FIG. 8, a nitride film (silicon nitride
f1lm) 11 1s formed on the thermally-oxidized film 2 on the rear
surface by using a thermal CVD method. The nitride film 11
may be additionally formed on the front surface.

Step 3: As shown in FIG. 9, the detection part of the
semiconductor pressure sensor 1s formed on the front surface
of the semiconductor substrate 1. During this step, the rear
surface 1s covered by the mitride film 11 functioning as a
passivation film.

Step 4: As shown 1n FIG. 10, the thermally-oxidized film 2
and the nitride film 11 formed on the rear surface are pat-
terned to form an etching mask. The location of the etching
mask 1s aligned with that of the gauge resistance layer 4 on the
front surface.

Step 5: As shown 1n FI1G. 11, the semiconductor substrate 1
1s etched to form the concave portion by using the etching
mask, so that the semiconductor substrate 1 left at the bottom
of the concave portion functions as a diaphragm 9. An aque-
ous KOH solution or the like 1s used as an etching solution.

Through these steps, the diaphragm type semiconductor
pressure sensor 300 shown 1n FIG. 11 1s completed.

As described above, in the producing method according to
the embodiment 3, the same eflects as those described 1n the
embodiment 2 can be obtained, and additionally damaging
the thermally-oxidized layer 2 during the detection part form-
ing step can be prevented because the thermally-oxidized
layer 2 on the rear surface 1s covered by the nitride layer 11
during the formation of the detecting part on the front surface.
Consequently, the adhesiveness between the etching mask
and the semiconductor substrate 1 becomes strong, and
thereby the diaphragm 9 can be made with a high degree of
accuracy.
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Furthermore, as the nitride film 11 1s formed 1n advance,
the producing process can be simplified than the process in
which the nitride film 11 1s formed 1n the post-process.

Embodiment 4

FIGS. 12 through 15 show cross sectional views of the step
of producing a semiconductor pressure sensor according to
the embodiment 4 generally denoted at 400. The producing
steps 1nclude the following steps 1 through 4.

Step 1: As shown i FIG. 12, by using the same steps as
steps 1 through 3 of the embodiment 3, the thermally-oxi-
dized film 2 1s formed on both sides of a semiconductor
substrate 1, and the nitride film 11 1s formed on the thermally-
oxidized film 2 on the rear surface, and then the detection part
1s formed on the front surface of the semiconductor substrate
1.

Step 2: As shown 1n FIG. 13, after removing the nitride film
11 on the rear surface, the plasma nitride film 7 1s formed
instead of the nitride film 11 by using a plasma CVD method.
The temperature at which the plasma nitride film 7 1s formed
can be lower than the temperature at which the nitride film 11
1s Tormed.

Step 3: As shown 1n FI1G. 14, the thermally-oxidized film 2
and the nitride film 7 on the rear surface are patterned to form
an etching mask. The location of the etching mask 1s aligned
with that of the gauge resistance layer 4 on the front surface.

Step 4: As shown 1n FI1G. 15, the semiconductor substrate 1
1s etched to form the concave portion by using the etching
mask, so that the semiconductor substrate 1 left at the bottom
of the concave portion functions as the diaphragm 9. An
aqueous KOH solution or the like 1s used as an etching solu-
tion.

Through these steps, the diaphragm type semiconductor
pressure sensor 400 shown 1 FIG. 15 1s completed.

As described above, 1n the producing method according to
the embodiment 4, the nitride film 11 formed on the rear
surface 1s removed and then the plasma nitride film 7 1s
tormed 1instead of the nitride film 11. Even where a damage 1s
formed on the nitride film 11 during a detection part forming
step, the plasma nitride film 7 with a flat surface 1s newly
tformed, thereby the etching mask without a damage can be
obtained. Consequently, the diaphragm 9 can be made with a
high degree of accuracy.

Embodiment 5

FIGS. 16 through 20 show cross sectional views of the step
of producing a semiconductor pressure sensor according to
the embodiment 5 generally denoted at 500. The producing,
steps 1nclude the following steps 1 through 3.

Step 1: As shown in FIG. 16, the semiconductor substrate 1
of n type silicon 1s prepared. Only the front surface 1s pro-
cessed to a mirror surface. The thickness of the semiconduc-
tor substrate 1 1s 625 um for instance, and the substrate 1 1s
polished to be 400 um 1n thickness during the following step
2 (polishing step). Next, the detection part 1s formed on the
front surface of the semiconductor substrate 1 during the
above-mentioned step.

Step 2: As shown in FI1G. 17, the semiconductor substrate 1
1s polished from the rear surface to be 400 um 1n thickness.
The rear surtface becomes a mirror surface.

Step 3: As shown 1n FIG. 18, an oxide film 12 1s formed on
the rear surface of the semiconductor substrate 1 by using an
LTO (Low Temperature Oxidation) method, and then the

plasma nitride film 7 1s formed on 1t by using a plasma CVD
method. As the LTO method and the CVD method are pro-

10

15

20

25

30

35

40

45

50

55

60

65

6

cessed 1n relatively low temperature, a thermal diffusion of
impurities in the gauge resistance layer 4 and the like does not
arise 1n the detecting portion.

Step 4: As shown 1n FIG. 19, the oxide film 12 and the
plasma nitride film 7 on the rear surface is patterned to form
an etching mask. The location of the etching mask 1s aligned
with that of the gauge resistance layer 4 on the front surface.

Step 5: As shown 1n FIG. 20, the semiconductor substrate 1
1s etched to form the concave portion by using the etching
mask, so that the semiconductor substrate 1 left at the bottom
of the concave portion functions as the diaphragm 9. An
aqueous KOH solution or the like 1s used as an etching solu-
tion.

Through these steps, the diaphragm type semiconductor
pressure sensor 300 shown 1n FIG. 20 1s completed.

As described above, 1n the producing method according to
the embodiment 5, even where a damage 1s formed on the rear
surface during the polishing step of the rear surface (step 2),
the oxide film 12 with the flat surface 1s formed to cover the
damage. Consequently, the etching mask with the flat surface
1s obtained and the diaphragm 9 can be formed with a high
degree of accuracy, even where the rear surface of the semi-
conductor substrate 1 1s damaged to have asperities.

What 1s claimed 1s:

1. A method of producing a semiconductor pressure sensor,
the sensor having a diaphragm to be deformed by pressure,
comprising;

preparing a semiconductor substrate having front and rear

surfaces, both of the surfaces being mirror surfaces, the
semiconductor substrate being a single layer;

forming a thermally-oxidized film on the rear surface of the
single layer semiconductor substrate;

forming a detecting part in the front surface of the single
layer semiconductor substrate, the detecting part com-
prising a gauge resistance layer;

forming an etching mask on the rear surface of the single

layer semiconductor substrate, the etching mask com-
prising the thermally-oxidized film;

ctching the single layer semiconductor substrate from 1ts
rear surface with the etching mask without going
through the single layer semiconductor substrate to form
a concave portion, the concave portion having a bottom
portion functioning as a diaphragm,

forming a nitride film on the thermally-oxidized film dis-
posed on the rear surface of the single layer semicon-

ductor substrate after forming the thermally oxidized
film; and

removing the nitride film on the thermally-oxidized film
and forming a plasma nitride film instead of the nitride
f1lm after forming the detecting part,

wherein the forming of the etching mask comprises form-
ing a two-layer etching mask made of the thermally-
oxidized film and the plasma nitride film.

2. The method according to claim 1, wherein the etching
COmprises:

ctching the single layer semiconductor substrate by an
aqueous THAH solution using the thermally-oxidized
film as an etching mask.

3. A method of producing a semiconductor pressure sensor,
the sensor having a diaphragm to be deformed by pressure,
comprising;

preparing a semiconductor substrate having front and rear

surfaces, both of the surfaces being mirror surfaces;
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forming a thermally-oxidized film on the rear surface of the forming an etching mask on the rear surface of the semi-
semiconductor substrate; conductor substrate, the etching mask comprising the

thermally-oxidized film; and

forming a nitride film on the thermally-oxidized film dis- _ _ _
ctching the semiconductor substrate from its rear surface

posed on the rear surface of the semiconductor substrate

after forming the thermally-oxidized film: 5 with the etching mask to form a concave portion, the
forming a detecting part on the front surface of the semi- zoizgﬁﬁgﬁlon having a bottom portion functioning as

conductor substrate, the detecting part comprising a

gauge resistance layer: wherein the forming of the etching mask comprises form-

ing a two-layer etching mask made of the thermally-

removing the nitride film on the thermally-oxidized film oxidized film and the plasma nitride film.

and forming a plasma nitride film 1nstead of the nitride
film after forming the detecting part, k% k%



	Front Page
	Drawings
	Specification
	Claims

